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BACKGROUND OF THE | NVENTI ON Field of the Invention [0001) Enbodi nents of the
i nvention generally relate to fluid catalyst injection systens for fluid
catal yst cracking units. Background of the Related Art [0Ooa2) Fluid catalyst
cracking units (F are commonly used in petroleum retjni eak | ong
chain hydroca?vﬂ’c?ﬂgsm Rent in crude oil ,and to adj ust th%bwg%%o%ﬁ%ﬁ X
recovered at the distiller. A main catalyst is generally Introduced into
the FCCU by a catal yst injection systemwhich periodically neters out
catalyst for injection over a predefined period of time. Such injection
systens are available from|ntercat | oc ' Lt, New Jersey.
Q her exanpl es of convMUbIMCA%-Ah*§% B‘}d&&ﬁi’f&wﬁg&aﬂ%@d in United
States Patent No. 5,389,236, issued February 14, 1995, which is

I ncor por at ed bysﬁﬁﬁhgg‘.@m-}ﬁégmﬁf . [0003) In addition to the main

catalyst, it is rcial " tornject other catalysts into the FCCU to
further influengeeldioftheinventionpr ocess. For exanple, sone catalyst are
fornulated to c ol .ai.p, t : ] SS : it ] of

sul fur- and ni t?‘@é@n%’ﬁ%&éﬁhﬁtﬁg&ggﬁﬁ@t&ﬂ@ %&ggée‘ﬁtr?ﬁ\@&be | necié ;Fla lysgr'nrmgﬁsqogns.

Ot her cat al yst s spstgmibdorf faridrodtatyeldcraekingydnitsence t he product mix recovered in
the distiller. For exanple, catalyst may be fornulated to produce nore

di esel fuel relative to gasoline or to increase the anount of liquid

petrol eum gas pBaghkgeolynch g RelatedArt As t hese injection systens are
typically suppo . tﬁ:@@;’ | MHe&t&iduho the
FCCU, the flexi H‘)ﬁqt ?/ﬁ%'? L’?%g%rte iﬁ’c{l}cir&“u{?rﬂér api &ﬁ?ﬁ@@?@éﬁfﬁ?ong ~catal yst

i njection syst eefining tpdprpak jarigrabain opibanspresentin eude Bl and fe adivgiihted to
ptan and i nstal 'gr&me?mi %W%&Ega atl ik SFKIAN RYSdi EutiRt {g{)@eg@aéuyt:heomteaner

fromtaki ng advantage o '

conditions favorabl'e to a certain product
m x not achi evabite theiffeCYney @acaiplyst injeckioresyvstem whish cpisiodigalle meters c@iipl ed

the. 1] eoti on of Sl 17 anepidrhoRir ol brélBfhod bl STABKE  Subilin stbmsouan
PCTI US2004/ 03532 available from Intercat, Inc., located in Sea Girt, New Jersey. Other
examples of conventional injection systems are described in United States
Patent No. 5,389,236, issued February 14, 1985, which is incorporated by
raference in its entirety. .

[oo03] In addition to the main catalyst, it is often beneficial to inject other
catalysts into the FCCU to further influence the refining process. For example,
some catalyst are formulated to control certain types of emissions, such as the
amount of suifur- and nitrogen-containing compounds present in refinery
emissions. Other catalysts may be formulated to influence the product mix
recovered in the distiller. For examplé. catalyst may be formulated to produce
more diesel fuel relative to gasoline or to increase the amount of liquid
petroleum gas produced, among others. As these injection systems are
typically supported on a separate foundation and hard pipe connected to the
FCCU, the flexibility of the refiner to rapidly add an additional catalyst injection
system is very limited.

{0004) For example, the time required to plan and install a new catalyst
injection system may prevent the refiner from taking advantage of market
conditions favorable to a certain product mix not achievable using the catalyst
injection systems currently coupled to the FCCU. The difficulty in providing
quick process adjustment through the injection of additional catalyst in a new



2 catalyst injection systemalso hanpers the ability of the refiner to
qui ckly adjust refinery em ssions due to changes in regulations,

differences in the chem cal make-up of crude oil or process equi prment
failure. Furthernore, as catalyst injection systens are expensive to

install, it is undesirable to have unused catalyst injegtl ns
stationed onl‘lvﬂéooé@”gglprecaut ion agai ns{ any unantici paf%féeéégoéé%%r process

control. [0005) Therefore, there is a need for a catal yst injection system
whi ch enhances process flexibility of flujd al yst cracking. pnits.
SUMVARY OF THE $3@RiTniestiqnastsm ﬂ% NamRsH {"Briﬁﬁﬁéy a?/ IfFf'Qeég? 8?&95‘9’ 3kt et i on
system In one @ﬁhg@i éﬂifg‘sions doe tﬁyﬁ\bﬂ@&sfmm@ghlﬁﬂsmﬁ dﬁ@eﬂf]esma\/theg:hamidaEast
two conpartnents apt t tore catal yst ther.ein. t S
coupled to a reg‘ﬁg‘é'f’B ‘iﬁ'i"gepQﬁ?é PIOGESH ?ﬂ@&%'ﬁ&%pé’ﬁ%@ﬁﬁ@%%ﬁf%ﬁv&% he
f1ow of catal ysijdcliinsgéielhs srenpaiengrattodhstufeit iisjuadesitble yo thawe UBREE-
DESCRI PTI ON OF THE DRAW NGS [ 0000 So, t.hat, the manner in which aboye
recited feat ure%?taE'é{El'\/é’H?%{ﬁés Léﬁamsogtjah%qesd (5’Pﬁ'?eheaspraespéﬁ?aquﬂﬁeﬁé$§% 2’%
attai ned and capndificipatieraieddor proceistantrol. a nore particul ar description of
the invention, brief synmari zed. above be a .ef e he
embodi ment s t helP8%H \LX/ﬁF*' &y 36| [Fs QF%%%% b ﬁ@‘a%gp’g‘#&é‘g‘& d{yg%%ﬁg‘}éﬂc t is
to be noted, houstaices plabsd fexitdiitp enfidd caiabyai ergsking Lihitsst rat e only typi cal
enbodi ments of this invention and are therefore not to be considered

limting of its scope, for the invention may admt to. other equally
ef fecti ve enbodSUMMARY [QFOUHE INVENTHON is a sinplified schematic di agram of

"ni ot on syst et caPiflenidh & ¥ohdERARK AT bERAT b e g, 2 1St
ct 0ss-sect i onal thei systevfi comerisey soesset Mayingehledst fivgLnompRrimente adantehde | i ne
Control - val ve P BENsf 1RRIGCEAH corh Bt if oot ) oVeERSINE UeRhe U 2 |
and 2; [ootn) Fingohanismdépi rdepandasdlyi eneirolvithay fow anbt eatalyeinifoam meaeh of a
%BEHOSESE)? égf%@%&#@%%&ﬁm@pgﬁgﬁng to the present invention; WO
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] So that the manner in which the above recited features, advantages and
objects of the present invention are attained and can be understood in detail, a
more particular description of the invention, briefly summarized above, may be
had by reference to the embodiments thereof which are illustrated in the
appended drawings. it is to be noted, however, that the appended drawings
iltustrate only typical embodiments of this invention and are therefore not to be
{ considered limiting of its scope, for the invention may admit to. other equally
effective embodiments.
{ooos] Figure 1 is a simplified schematic diagram of one embodiment of a fiuid
catalytic cracking system having a mulli-catalyst injection system according to
the present invention;
[oo09] Figure 2 is a cross-sectional view of the injection system of Figure 1
taken along line A-A;
[0o010] Figure 3 is a sectional, isometric view of one embodiment of a control
valve for use with the multi-catalyst injection system of Figures 1 and 2;
[0011] Figure 4 depicts a sectional view of another embodiment of a multi-
catalyst injection system according to the present invention;



3 [0012] Figure 5 depicts a sectional view of another enbodinent of a nulti-
catal yst injection system having an adj ustabl e separator according to the
present invention; [0013] Figure 6 depicts one enbodi nent of a separator

hi nge; [0014) Figure 7 depicts one enbodi nent of a separator |ocking

mechani sm [ Lgure 8 depicts one enbodi nent of a sep@haiRissmeal ;
[0016) Fi gure‘ggé@qugsge graphs illustraging pressure variation in injection

systens havi ng nmechani cal and el ectronic pressure regul ation; [00171 Figure

12 is a schematic _diagramo conventi gna : . and
[ooia) Figure %17k gggrg&é@ﬁpﬁ&s di %\egclt'é?r@o\flé‘%%gﬁ%%g{r?gogl rred;'{?é%tf Sggg‘r“gts’sur e
control nodul e tdiystbihectior systabl inaginghen didiystatie sepapaterciaseordingutot theof
catalyst from an i rtle &%ﬁ&{) system foots) To facilitate understanding,

i denti cal referfSREE HUFEIals have been used, where possible, to designate

i denti cal el emgmis) t Figurech degidiawpe empodimeent bf ggeraratopBM@ELED DESCRI PTI ON

[ 0020) Figure ' Si il-dd:%g ' i Sor WARinG HROd . of a
fluid catalyt ﬂlgd@lr :‘E’?P%S}{' °§§%mh%%gﬁ§%§%g or?é ormgore r?u 'ﬁ cat al yst
i nj ection systfeons) 1Piguect depicta gne embodiment obasepara®hittdh. The injection
system 106 ge | ¥ .ncl gdas | 1 | RufPvalh@dd W idlechgpast two
catal ysts and ;[‘36’131 s%‘glﬁ%g g?/'?t gﬁ? ﬁgﬁﬁngﬁgﬁ%% gi sggnsi ng Ica"fhaf:yst from
the vessel 110.systems kavirgnnechsninaband algctremiepgissyenegulaiosy em may di spense
more than one Yfibure h 8! qiddh@mSoi | oG RIRLY presSstEERntdl | v or
conbi nati ons tﬁer@of l:s'blllrr?ewg%}al %h;éﬁ%?' tq%ée&rlg% ection syst empr106 to handl e
more than one caedslgisandal | ows the refiner to reduce the nunber of

i nj ections Systﬁm{/irg@u}er oglid 9 sgﬁ%hé@d dlafRn $€aUne EmBOURBANITS Presdlire

catal ysts, and pro S a cost ective nmeans for having excess catal yst

di spensi ng capatsintrot podulgshiahiefor gpabling the dsgensrrlnrerisepmonntscépatalyst e g. |
new) catalyst tgydBR ifjédtioRishsteRi ocess. [0021) The FCC system 100 includes a
fluid catal ytic cracking ( ) unit 190 coupled to a distiller %not shown) ,

F
and to one or niBM8} che afg%tﬁtei Hpdersiapaingy ddanbgal refRienes, Sumerale thayR R8RY em 106

i s shown in F g8 Wherd SO3IbIto Madiahateliddntical ¥IBMERRShAPER9ommon to the
PCT/ 1J 8200410381%%995

DETAILED DESCRIPTION
[o020] Figure 1 is a simplified schematic diagram of one embodiment of a fluid
catalytic cracking (FCC) system 100 having one or more multi-catalyst injection
systems 106 according to the present invention. The injection system 106
generally includes a container suitable for storing at least two catalysts and a
dispense system for independently dispensing catalyst from the vessel 110, i
i is contemplated that the dispense system may dispense more than one catalyst
from the vessel 110 simultaneously, sequentially or combinations thereof. The
ability of the injection system 106 to handle more than one catalyst allows the
refiner to reduce the number of injections systems required to control the use of
a given number of catalysts, and provides a cost effective means for having
excess catalyst dispensing capability available for unplanned addition of
different (e.g., new) catalyst to the refining process.
[0021) The FCC system 100 includes a fluid catalytic cracking (FCC) unit 190
coupled to a distiller (not shown}, and to one or more catalyst injection systems
106. One injection system 106 is shown in Figure 1. A control module 104 is



4 coupled to the injection system 106 for controlling the operations of the
system 106. [0022] The FCC unit 190 is adapted to heat crude oil received
froman oil feed stock source (not shown) and convert the oil vapor into

one or nore different petroleum products including |iquefied petrol eum gas

(LPG and gaswd%gms&dgl one enbodi nent, the FCC unit 1901,9@)%@{094{/43332; ncl udes
a regenerator and a cracking chanber arganged in a conventional nmanhner. One

exanpl e of an exenplary FCC unit is described in United States Patent

Application SeriglnbRto inkOhktortSiterh b6 for\RYtréiing #0sherdtting/of tite HRAXGRY

I ncorporated by reterence in its entirety. [00231 The catal yst injection
system 106 is cd0fl ed by a delivery line 115 to the FCC unit 190 to supply

and/ or repl eni sfyoeAt ateStCE Unit49e i AddpRéd @ Idht Chle dilreegived fromtardi febdd one
enbodi ment, the catalyst injectiqgn system 106 jncludes a stor %ge vessel 110

coupl ed to a di sieckseuEspsinehshomnAng coryprdhg, pib vesor iptg one Qs Mory diigrenthe
catal yst injectj t tik@hdi i@ Defrofelith €ass QU kBéasdligepligd to a
portion of the ggﬁ?@g’?‘y&?}%éi%;gméﬁq O?%e E%e ,vgelasig'l ?L)i?) a%?js lF 190.
Exenpl ary i nj ecengreralodigat, g FGlraynb d 99 (neelyt iBclyesr i TBIRPYRION g a

i nvention are deffkingechanbdinirtaidedtiaiL o@htdrial Meanrer. 380n& ambRs e dn
February 14, 1995, and Ln Unl_t_eg St tgs Ea{'%{% No. 6,3@&@&01{, |§Slﬁ:§q\{ol\/arch
19, 2002, both &reMARBHFGLMESP d65CrPRE &t Holer atptes PatgpranicationSemaliNo-
entireties. O ho/4a6a853| el My ZGCLDOR WHIcH i€ HerdbyakcomBorated tydafkrettetinitbenef i t
fromthe inventign are available fromlintercat, Inc., of Sea Grt, New

Jer sey, anong ofABEY- sour ces. [ 00241 In the enbodi nent depicted in Figure 1,
a singl e cat al ygdozijnj et taalystshtton derh s108HewouplEd \byve Kelivery lise 115 to

cpnt el ated |l BRY, DHISh, & Rl b oo LAY B mecfed S, °
sources, may be ctildel dizstdek. [ ROGHElerReddiment thesiatalyst amjectionl system FOGincidésand to
I OACE. 2 oot P ol od 8555 36 B8Rl RS g 8 B8 aYS58E e 8000, o 1,
a metal or ot hesystamt 8. eTreocdtalystanjettion sygtent fuother ccfmprisesmﬂ]m so@neé 3':'3403a
o0 anal 15" % BPUAEE 15 OGP BSLERRR 1 uffveoF R JBALE 08
share a common pLERLGBR [Hxempiani Ofeqtios isysteme dhattmahbe adapted to benefit from
the invention are described in United States Patent No. 5,389,236, issued
February 14, 1995, and in United States Patent No. 6,358,401, issued March
19, 2002, both of which are hereby incorporated by reference in their entireties.
Other catalyst injection systems that may be adapted to benefit from the
invention are available from Intercat, Inc., of Sea Girt, New Jersey, among other
sources.
' [0024) In the embodiment depicted in Figure 1, a single catalyst injection
system 106 is shown. However, it is contemplated that any number of catalyst
injection systems, or a single systemn for selectively injecting catalyst from a
plurality of catalyst sources, may be utilized.
[o025] Referring simultaneously to Figure 1 and to Figure 2, which is a cross-
sectional view of the storage vessel 110 illustrated in Figure 1 along line A-A,
the storage vessel 110 is typically a metal or other suitable container having
two or more compartments 103a and 103b (hereinafter collectively referred to
as “compartments 103") for individually storing a catalyst. In one embodiment,
the compartments 103 share a common pressure plenum 105 positioned at the
upper end of the vessel 110. Although it is intended that different catalysts will



upper end of the vessel 110. Although it is intended that different
catalysts will WD 20051052091 PCT(US2004/038329 S be stored in each
conpartment 103, it is contenplated that two or nore of the conpartnents
103 may store the sane catal yst. (00261 The storage vessel 110 includes two
or nore fill waptob$osigdbda or 114b (hereinafter coll ecti valcgnsedognased t o as
"fill ports 114"), two and nore discharge ports 116a and 116b (hereinafter
collectively referred to as "di scharge ports 116"). Each conpartnent 103 is

associ at ed W t Be afora8 50 eheh esmpaitment 1030& is dosteRplaed thad tdo bl mpes bBthé16, 114

to isolate the filling, storage and, di schar f the catalysts stored in a
respective conﬁ’é‘?‘?ﬁ%‘ﬁ‘gntfo 3 ﬁtgrei/té‘gééf"efcaﬁyquach di scharge port 116 is

coupl ed at thedagéjt OTReOktotdR versert 10 iitkidestive oH mpeNfiE posty Stidanct404bl n one
enmbodi nent, the vess

| 110 is suitab for..use, i | evat e [ essures.
[00273 I n one EMSBERHENMEC eFﬁH"@%Eﬁﬁﬂé‘?‘:{ ﬁe?ﬁ J'"msaﬁé%sg%%ﬁa‘?@ﬁﬁﬁsgﬁarlggast
one separat or %Q&Tﬂl 1l6a aﬁpaﬂﬁb Qherélhﬁﬁéﬁctﬂbﬁﬁiﬂe@d réferréd¢o laet'ﬂimharbgtﬂwtsvessel
110; separating,the discharge por 16. The separator 101 .extends
vertically w dAPR Bedh notprgment T0Ras pesbned B4R estatal B Stee: ends
vertical ly wi t @isahargeearidfilepores 196, Tidetovssatelthd filingslorage apddisthatge 4the si de
wal | s of the vessel %{1 to ,separate the conpart odi nent

0 03, |
depi cted in Fi §if e2talysis sigreddp @ %B?ctwsggnwgﬁmggﬁ%ggé\ﬁpqe&%'1;7'&? c’fatr'r:ﬁe t op
of the vessel WYkRhagacort 196 is édifplall sthEbbAOMI f the @esded 160t dispensacr 0SS

cont enpl at od ' RARBTHEAGelsia SPEAdToNh i KRB T1] PHHE Waredhely e « op
of the vessel bJiksupssd may include a plurality of holes (not shown) forned
o e et Sh % oPEBg e B ePis i o S BLRHT, 205
illustrated, theeseparaibot0il0The epparatorsiOtlie cotpledde the/batirh of i vessel t wo
et o SR B it n 1 TR SEAABEAOT Pl bt o
conpart ment s 1@athirathevintetiotef the Iw_aﬁed al@dmmseﬁmatohe@“béxter_xdswmw _wiﬂ)iudi nent ,
separate the sidh gy (BT IGRRl 170 ot B BUPleGQRTRE b b RryRoRR &
equal vol unes. té sepatd the curmpalitments , 108h elnstbe arshalimdt ddpicdedhin Figure 1,

the separator does not extend completely o the top of the vesse! 110, such that

the plenum 105 is free to communicate across the top of the separator 101

between the compartments 103. it is also contemplated that the separator 101

may extend from the bottom to the top of the vessel 110, and may include a

plurality of holes (not shown) formed through the separator 101 near the fill

ports 114 to allow the plenum 105 to communicate with each of the

compartments 103.

[0028] In the embodiment illustrated, the separator 101 separates the storage

vessel 110 into two separate compartiments 103a and 103b, but those skilled in

the ér’( will appreciate that the storage vessel 110 may be separated into any

number of compartments 103, as will be illustrated further herein. In one

embodiment, the separator 101 has a substantially planar shape that is

positioned to separate the storage vessel 110 into compartments 103 having

substantially equal volumes. In another embodiment, the separator 101 has a

“dog-leg” shape that separates the storage vessel 110 into compartments 103

having unequal volumes (indicated by dashed line 101’). in yet another

embodiment, the separator 101 has a substantially straight shape, but is



''dog-1eg" shape that separates the storage vessel 110 into conpartnents 103
havi ng unequal volumes (indicated by dashed line 101'). In yet another

enbodi ment, the separator 101 has a substantially strai ght shape, but is WO
2005/ 052091 PCTI US2004/ 038329 6 positioned slightly off-center within the
storage vessglq gmﬁ@udlvide the storage vessel 110ilﬂfbﬁ@ﬁmﬁmhﬁﬁnts 103
havi ng unequal unes (as indicated bys dashed line 101"). Configuring the
conpartnents 103 with unequal volune is particularly suitable for use with

t t t al ts.th f f.ei ,
and 1 systens rarang) siefly clrRER Ming sRrg 1 aReR) 1d'lo e e YRHEES
anot her, but t he:etsmlaﬂO\/mtmnmpértmamtaIWt hajmmuml IVD|Umii§Sﬁa|5db¢'§at?@ bS'har e a

common i nj ection Séﬁ 5@ 1{)992%%%4‘5“& },@ﬁhyo?é@q,ﬂp‘gﬁtqugamwfsat or

101 may extend t wn in ant om
separ at or 155. Ipanmutanlyaauﬂabiﬁ)ddl meat wltbaflm naﬁhwateﬂmtthau)wgw@osspara@l udes

a separate plen r I ]

vessel 110 al soqﬁ}ﬁ%‘%%ﬁatsd'ﬁ?%%teggﬁngﬁé%nér?gésgétgh‘g \Mhé}%g@e Sfér n?rlgn?f-(lzigt%l on
with the pl enumchCyst Ilmueed)tﬁilativerﬁr@thﬂﬁ,ebté tha\@t@lrvqhmﬂ%or rcatadusy uw%maéeeid

pl enuns are util | ssure ports may be di sposed
through the vess de?’ﬁ%B% é%w asdohﬁTn&WﬁJ{%%ﬁorP% %Sﬁ%ﬁr e ports 180, 178 may be
provi ded to al | doozpy elé susleo wpmthmmat@@ﬁ@tthew;epgraé@mw masgiextenysy the tojeof

moni tored. [0033, Thfs' gﬂ RBNaE %@M@% R PbyY SRpalROCi58Y dRVE6AS ahl2a,

112b (hereinafter c ective 0 as 'netering devices 112"), each

coupled to a rcapeagiment, WWW%}WUQ&@%%"@JF%QWQEW plepurg i199dnse

system 140 cowg5ﬁqﬁam§ngpﬂ@a,¥@guﬂgfyl ce 112 for each conpartnment 103 of
the storage vesse . ering devices 112 are typically cou Ied to

the control nodeasd 10e dessalal 1Qrplsgrdemidest at deagt yane JUeSSHER &Pt 8
delivery line 1]c%rﬁmdmcani%nW‘th@b%uﬁﬁdﬁatlﬁ'é%oamﬁs RRef %Qﬂ%@drbﬂﬂld@' an or

in response to a real tinme need, for exanple, in response to fla froma

process sensor. i’ffdﬁﬁsg]P'WW%M'V@%@VT%‘SEZ‘WMI%"%%ea?%ﬁn apfbe

cat al yst i nj ect efigdos8@throligh A% 0645} @4l0.C Fap akamprat tv&&ﬁrés@uiehﬁor@ 8@oErgvessel
110 to the FCC unit 190. he netering device 112 al ve, a

rotary val ve, a Ma%ke prayideddg oy nress reawg"l‘threﬁR?Pt"’eaglPPBWss19ﬁ§01r§5aa§°éﬁsi tive
di spl acenent purmositoréd. her

[0031] The dispense system 140 comprises metering devices 112a, 112b
(hereinafter collectively referred to as "metering devices 112"), each coupled to
a respective discharge port 116. 1n other words, the dispense system 140
comprises one metering device 112 for each comparntment 103 of the storage
vessel 100. The metering devices 112 are typically coupled to the control
module 104 so that an amount of catalyst delivered to the delivery line 115 may
{ be monitored or metered based on a production plan or in response to a real
time need, for example, in response to flag from a process sensor.
[0032] The metering device 112 controls the amount of catalyst injected from
its associated compartment 103 in the storage vessel 110 to the FCC unit 190.
The metering device 112 may be a shut-off valve, a rotary valve, a mass flow
controller, a shot pot, a flow sensor, a positive displacement pump or other
devices suitable for regulating the amount of catalyst dispensed from the
storage vessel 110 for delivery to the delivery line 115. The metering device
112 may determine the amount of catalyst by weight, volume, timed dispense
or by other manners. Depending on the catalyst requirements of the system
100, the metering device 112 is typically configured to provide abaout 5 to about



devices suitable for regulating the anmount of catal yst dispensed fromthe
storage vessel 110 for delivery to the delivery line 115. The netering
device 112 nay determ ne the amount of catal yst by weight, volune, tined

di spense or by other manners. Depending on the catal yst requirenents of the
system 100, the netering device 112 is typically configured to yrovide
about 5 to abB®2%A852¥b51052091 PCT/ US2041038329 7 4008 HEGHEE ¥t day of
additive-type catalysts (process control catalyst) or may be configured to
provi de about 1 to about 20 tons per day of majn catal yst. The netering
Hevi ce 112 typi 8PP \PAUBHS \ABF Sy A AHKIVE YRe PAB B CIRIPESsSfongrol Pk (p"

production cycl gafpePbsiiglideddd phllideSabdul 18 boRI2D tBRObEr 84y OF MsiAlcafalysted
anounts spaced oveér the production cycle. However, cat alv‘%sts n‘-%i/} al éfoﬁbe
y a

added in an "as Fheedegienng dpyce 1 12ntypicalhn delivers, calavtsaven the colrge

¢l osed | 0op Sys t by, ItSICAIg TR URY, IS TMtle SKAI B bradateried
enbodi ment depi i’?ﬁé‘@?rﬂﬁ‘%{?”&ﬁf”g %“fw‘;ttﬁg 124 s fiiftiple s br

neteri ng devices 112 are control
val ves 132a and armpinty seacsdaver dhe pduetion 95@?937 Pefatalysis m"‘B’o‘H?‘? BF

val ves 132") thalqde@an!a st AebdaBOYBsIs Wr i 3bsonse tdahfor@aish browigedhey at or age
vessel 110 to the deli veﬁry&/_’tl ine 115 bij/’ a tinmed actuation. [00341 The control

val ves 132 are €losgfdepn ystarpodapt pepioring dgvieq 8T 8RASMEen the fluid source

134 and the FCCigpasit QRe eMboBmEH debRicOR tFiglre Viahe tet@ingBevicesDMrarkn
Figure 1 as coupled in series on contrpl . valves

t delivery lipe 115, {he
132 may al t er natPOEPl Ve b3 éﬂdi"'gsﬂa(ﬁﬁrlel@ﬂgb&?'{]ﬁég\‘fgw Hg}e(rlegita.%l}petéol 134
and the FCC uni tail89.13290thsl rddifiate QRé radlounBlbl estalSl demredifioyn thechtdfgea
first port 142a, 142b that egg‘@; c?,u I ﬁg to a respective discharge port 116
of the storage VE3%Rl11919ihegaiveny '"ga by 2Amed aClRliopher ei naf t er
col l ecti ?/e:jy reﬁﬁfaﬁﬁdl’ﬁ@c&ﬁr0¥ ea@émﬁbzo@rreto@uélléé'ta thef delivhey lmmmﬁtweén/mﬁ 132
are coupled to the portiqn,of the I ver i 11 extendin r t he
fluid source 134uids C%éaﬁ ad’ldo\?!/@ercgcll: “Egr?épe @P_UQ'?HF? d:O"ﬁBr %"eﬂ@? arg46b
(herei nafter colsheahiinefiyureef @sreiipled inssefiediondthpatdiived/Aile) 105, thBontsint r ol
val ves 132 are coupled.to a porti.o f the,delivery line 115 |leading to the
FOCU 190. Wen é’@%ﬁtgﬁ gy flte Qﬁgﬁg’& ?9“8!‘?% ‘{‘h%aré%‘ﬂtbreé‘f"e%ﬁ“\)aeg‘"???gm&l | ow
catal yst to fl owshramththb&ECT witatp®. vessel 110 towards the third port 146,
where fluid provided fromthe fl ui Qur 13 i fr t S nd port
194 Lovards | e R a o ahusted f2 S drdusd R s hont £02e, FERTBRRTE O
t he coupled to a respective discharge port 116 of the storage vessel 110. Second
ports 144a, 144b (hereinafter collectively referred to as “"second ports 144"} of
the control valves 132 are coupled to the porion of the delivery line 115
extending from the fluid source 134, such as a blower or compressor. Third
ports 146a, 146b (hereinafter collectively referred to as “third ports 146") of the
contro! valves 132 are coupled to a portion of the delivery line 115 leading to
the FCCU 190. When actuated to an open position, the control valves 132
allow catalyst to flow from the storage vessel 110 towards the third port 146,
where fluid provided from the fluid source 134, moving from the second port
144 towards the third port 146, entrains and carries the catalyst through the
delivery line 115 to the FCCU 190. In one embodiment, the fluid source 134
provides air at about 80 psi {about 5.6 kg/cm?).
{oo3s] Figure 3 is a sectional, isometric view of one embodiment of a control
valve 132. The control valve 132 includes a valve body 302 and an actuator
304. The valve body 302 includes a first flange 306 having the first port 142
formed therethrough. The first flange 306 also includes a plurality of mounting
holes 308 to facilitate coupling the valve body 302 to a discharge port 116 of



delivery line 115 to the FCCU 190. In one enbodinent, the fluid source 134
provides air at about 80 psi (about 5.6 kglcnR). [0036] Figure 3 is a
sectional, isonetric view of one enbodi ment of a control valve 132. The
control valve 132 includes a valve body 302 and an actuator 304. The val ve
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hol es 308 to facilitate coupling the valve body 302 to a discharge port 116
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Figure 1. The fiq'}?st fl'ange 306 is conup At ' 310. The;Bcz)usi ng 310

led to a, housi )

of the val ve bodypusiog 3&f i Hhesheyspgd1dofine V?’H%POQY éogggﬁﬂ%“da pRvity R 2thats ¢
port 142 by a vl ¥§usédio HESHal SP382 bl VMR € 326 Wisposéd bEbnPBASG a8E a314
coupled to a second passag}e 320 (Ishovvn in p%rtlal Iéc_#rl[} hant_o%_%)&t,
coupl es the secdidl eaf$a0Ri 3¢ poKRd 198 sacpgdapassag q(sBAwn inThRIYY) Pe seat
gig has ﬁn grifir@@m’&:% that B?Ebiée?méﬁéd&bﬁw%dtthi?d pﬁh‘lsli1d?-%1@ﬁph%poﬁdlle:n@.avi ty

to the discharge port of the_ stqrage vesse n ure
1). The orifice 1%‘?8"4"59 ?%i]aéglh%? %?r\nlg‘z"g@13%8{519@?%rqtémggé?ha?%@)mcqqﬂe%es in
d: am&‘éI e[) - 00|37th &a\lziqr Bi2 wtr%l&saiargé\gpﬂﬁngrgl tlhuaJtomgé_Basseﬁ 1¢0Qﬂﬁﬁvh reind
cl osed by selective ving a_shear di ater Y, _acraos e seat
316. The shear FdgWR1 ~2%&&{§F%|3ﬁ€'%§'§'céﬁ¥ 9%‘&88”&@9%&(’% OEBB'étrﬁg}é‘dP?n?ﬁ
surface that seahgiankged. nst the val ve seat 316, which is typically also
nmetallic. As the she di s I 5,di sposed on downstream sj de, of the
val ve seat 316, YHY Pﬂh@%?’ﬁﬁe"é&%f’g‘?t&g \fagvet hgsr—'&(ﬁ?e{‘% Wr& Fioﬁ%q By
i nadvertent|y opefectihey nadvirey a sBaar difk 382 1dterallg tacaissrthasean®iy BBd shearpl es
the shear disk 3 t he act uat or Q4. that,.caont.rol e_o |.osed
sft ate of the corﬂ?%%Pgeﬂ%ngrégzeésrﬁela%%qu %S'J'gau?i’gﬁ‘é%ﬁ@ziwﬁ%%l ﬁ.%gs‘e’%?\gshaft
326 t hat extendsagaimsbtighvalhe sbatudiongvhichlie . typicdllyralso metaliR2 8Asthe sheeandiskat or
assenbly 324 is upl e n_eng _of g3 ' e e tside
of the housing % r‘PAA ésise&cogﬁg 8rﬁm 360%@&{?1%?6‘%0?@?5@ Z‘%@’Z%‘*ng??g' .""3‘3’
coupl ed to an erbchires$ige geattatlPip the SEEHL A0 wilt het inadvertenthBderothetvabre
housi ng 310. A p,i&ﬁ_ 332 extends fromthe second am 330 and engages the

shear disk 322. fecess 334 formed in a |lower surface of the shear disk
322 receives thdogdsh A32chatbrmseemhlysizdheoypies Bid2sheat diske3d2 Wi thk actuator

304 that controls the open and closed state of the control valve 132. The
actuator assembly 324 includes a shaft 326 that extends through the housing
310. A first arm 328 of the actuator assembly 324 is coupled to an end of the
shaft 326 disposed on the outside of the housing 310. A second arm 330 of the
actuator assembly 324 is coupled to an end of the shaft 326 disposed in the
cavity 312 of the housing 310. A pin 332 extends from the second arm 330 and
engages the shear disk 322. A recess 334 formed in a lower surface of the
shear disk 322 receives the pin 332 and prevents the pin 332 and shear disk
322 from hecoming disengaged as the pin 332 selectively urges the shear disk
322 iaterally over or clear of the orifice 318.

[0039] An annular bushing 336 residing in the recess 334 circumscribes the
end of the pin 332, The bushing 336 is retained by the pin 332 and can move
axially along the pin 332. A diameter of the bushing 336 is generally less than
a diameter of the recess 334 to that the shear disk 322 may rotate eccentrically
round the bushing 336 and the pin 332 as the shear disk 322 is moved laterally.
[oo40] A biasing member 338 (e.g., a spring) is disposed around the pin 332
between the second arm 330 and the bushing 336. The member 338 biases



322 from becom ng di sengaged as the pin 332 selectively urges the shear disk
322 laterally over or clear of the orifice 31 B. [00391 An annul ar bushi ng
336 residing in the recess 334 circunscribes the end of the pin 332. The
bushing 336 is retained by the pin 332 and can nove axially along the pin
332. A dianeter of the bushing 336 is generally less tha i er of the
recess 334 tJ'QHEYORHE shear disk 322 npy rotate eccentf?ggﬁpg“&ggénd t he
bushi ng 336 and the pin 332 as the shear disk 322 is noved | aterally.

[ 0040] A bi asi ng nmenber .g.,.a sprin I s di spgsed ar ound in 332
bet ween t he sec bﬁ?m?%gggf%@ ‘ﬁﬁéhﬁﬁ%&ﬁhagéﬂay%ﬂﬁﬁ%%ﬁ%?or%@ "bbg(g@BdV\D
2005/ 052091 PCTla4HAe0meG3R822at $1d fethautbishgaS@isk a2risédie thehwifice 318 WhdR2 away
fromthe second ar 330.%&& .agaLns%mthe %aIV@es%ai3§%6 so that the shear °
di sk 322 seals ﬁﬁéﬁﬁ%vﬂﬁ 2 1%Pgilignedayer LR yaive 3P 2 is positioned over
the val ve seat $iba1] (Adépictéds inlEiguet Bcthé actbbiguBe4 & cduptediintthe ficst a804828s
coupled to the first, arm32 otates the shaft t o _nove. shear
di sk 322 bet V\eeﬁnﬁdgia??ﬁr)%? ‘%Wg't% eﬁ’o&%g"ecgbesaé c{? GS%Eﬁv.gegnﬁ&tﬁaﬂg tf{aﬁe pi n
and bushi ng 332 0p3Rtarkiaviese thelictified Sn8.s i ltles pirhand tHushingc38% EB4hdver aed in
the shear disk 322, the she | sk 322 ce abaut t[ f as the
control valve 19?"??955'3#2%%@%%ﬂ‘ecﬁe(?g%sd:i% E’ém,ga?'?]éhesﬁg%rr J&’ﬁ‘s@%% %ﬁ%ﬁt es
eccentrical |y aldskt322?hmrepesses aBouitthe ahafalzl bs theaddnjrol edlee i1 82)iscdpened thd shaft
326). This notiop of, ,the .shear _di. ve royides a
sel f-1 apping, s EFeg“@%hP%bg@%?fgﬁk?2%§°m%?é%g%F@c$ﬁL%§§ﬁgﬁ%éﬁég?gﬁgé%ooving
t he seal i ng sur faddisienaly mwhadinghedeut thes khal2326)anthiy atotiensddhe Ihéar tisk 323ul d
cause val ve | ea S Hﬂﬂl hat | S, conf.i | ve
operation subst gﬁ?’?é‘?‘% ;\/a@gtsen gﬁtig sere§i %ese?fpép}"?# %%%%ﬁ%%f@% Yﬁ%ne t he
l'ess, the cat al ypsevents thetdatalystrome groovingHiee pealingrrurianesat thersheandisk 322
alternatively utjli I | K Eigure
1, a pressure C%hb#éﬁeg%%Fng?B%Eﬁgd¥%¥%f§%g£%9é%%%Eﬁbﬁ%ﬁ%@ﬂgﬁ@ﬁ W%SWFe 104
to regul ate presouoiigurgliarhph valve mperatop sbstanbiallysexeads the sewicellife. of the
pressure contr ol t-am ol AYHeYeaRdi ALy h o Bnivs §§@ 110 to
about 5 to aboutva éqggUn_s dq§m%%ug%ém?ﬁﬁﬁﬁ?%déﬁ§y%.@éﬁﬁﬁobg%oﬂ?ﬁ . l)'Qg/cmZ)
during di spensi maysdernativebitiizeneheeamtrel vBb®s. i nternittently vents the
storage vessel 14t GabOMYG KRS PlYRFd §, #PRESWeSdnfrol SREMTOEH fuddichar gi ng
t he vessel 110 wth catal ySt. )

with the contiol module 104 to regulate pressure within plenum 105 of the

storage vessel 110. The pressure control system 198 generally pressurizes the

storage vessel 110 to about 5 to about 80 pounds per square inch (about 0.35

to about 56 kg/em?) during dispensing operations. The module 198

intermittently vents the storage vessei 110 to about atmospheric pressure to

accommodate recharging the vessel 110 with catalyst.

[0043] The pressure control -system 198 is generally coupled to a pump or

other pressure source, and includes regulators and/or other pressure and/or

flow control devices suitable for regulating the pressure within the plenum 105.

The pressure control system 198 is generally controls pressure within the

plenum by controlling the flow of gas through one or more ports disposed in the

vessel 110. In one embodiment, an inlet port 196 and an outlet port 194 are

formed in the vessel 110 through which flows of gas into and out of the vessel

110 are regulated by the pressure controf system 198. In embodiments where

plenums 105A, 105B are fluidly isolated, separate inlet ports 192, 196 and

outlet ports 190, 194 separately couple each plenum to the pressure control



100431 The pressure control system 198 is generally coupled to a punp or

ot her pressure source, and includes regulators and/or other pressure and/or
fl ow control devices suitable for regulating the pressure within the plenum
105. The pressure control system 198 is generally controls pressure within
the plenum ling the flow of gas through one Qi-rTARAGHRELS

di sposed in B’ﬁ%g&\%%g%l 110. In one emgdi nent, an inlet port 196 and an
outlet port 194 are fornmed in the vessel 110 through which flows of gas
into and out of ViBBS&lch thaOind fresRosd At dakh tiéhuph G8BAI foskP Mayde SYSt em
198. I n enbodi rr%gnslt{%nv\here pl enums'ﬁIOSA, 105B are[{‘\clgnui dl'y isolated, separate
I nlet ports 192indepndghty cittalied. ports 190, 194 separately couple each

pl enum to t he  piogRg UERUAOA RhicHLROBRLOBARA oF 8/ i520Re LBARA AFsteD15w St em

198 such that the pressures wthin each plenum 105A, 1058 may be
i ndependent |y cespiela ayessed 449 Ifﬁhﬁmeé3§§3egﬁﬁ‘ﬁ ke 5q ‘Qé’f%ag%ﬁ? agy of he

pressure contr ofhaSGrh§8VeSRls GE¢RbEd hérem, HR 8R&pA3LselteI 0V 80580118085 may be
configured such as any of the storage vessels described herein,

h or
exanpl e, vessel 8 single ‘cempartgipnt vepselsi303 haviig 8 TRAls At t disrense| ovigh 1
having a singl e186, agy Showh SPEFRRe AL | Blis aled0dontémpRivthat ktdthgevessels 1t is
al so cont enpl ated ,t hat storage vessel, ha¥| {D{ﬂ ot her conf |@érat ions w il
benefit from prBdg O EPYIBURops é@'@uﬁeé‘e i GRI Bressye eANUYgbY BEFsSie of
di scussi on, t hecoftet elystdd09o8.nFov dase PO issussidh) . thd Wssel ABoaNAciadey portsm 105.

[ 0045) The pres e co ol , system 198 includes a control circuit having a
pressure controigé/élgge?ééwaﬁ%‘gm ontrol valve 1310 and a pressure

transmtter 132@o4sj\nThaI;ﬁéséﬁre tdaatrolr SBtam e 9gointiudes watortrol 3/0uit hadingpl ed to
a gas source such as a plant air ppl 332 i le utl et of the
pressure cont rBﬁesﬁ‘é[Pv‘éo'ﬁ?zovql‘ée é@§ﬁ1 @dz?'g} L \Mr]\‘faé‘fe g@?ﬁ 95 D THE SV essel
to allow the vesshittdl03200 be ipeesktie mresbund eontrdl evapiees3dlr is mapkddb aval ve
1330 is opened. _An inlet of the vent contr val.ve 1310,1.s upled to the
out et port 10498 Soue SyeBas 4 Pt Ay PRV nlE o Spu  dfe Resineted

val ve 1310 is opeatrd eaemisSphisrcaupled talthewwléthmorph 86 wintid Seedel theallovessel 110

to be vented when t n vial v, ]S hca a
filter or ot hervegsﬁg[]ﬁ:d(;ﬁ)t $%ﬁ%%%{érﬁﬂaeﬁiv§%n(tﬁ83p ?&%Héav\%ﬁ-ﬁ II%EGIQH g?%%gse%%lgg'\/\een
t he vent contr oAnvaelvef the Mentoehtich ¥aive I880 isl ¢@uples topthevmiet porh 494 tof te

catal ytic dust 3&3@ ‘FR)S WP\% Sn%rutlgtcﬁ?qm&'ﬁlkbﬂ%l %Ivé %1 ¥ ﬂ‘»l dlp%n to atmosphere

to allow the plenum 105 of the vessel 110 to be vented when the vent control

valve 1310 is opened. Typically, a filter or other duct control mechanism (not
shown) is interposed between the vent control valve 1310 and the vessel 110 to
prevent exhaust of catalytic dust 1o atmosphere or contamination of the valve
1310. It is contemplated that systems with multiple fluidly isolated plenums
may be respectively controlled through by a single pressure controt system 198
having dedicated control circuits of pressure control valves, vent control vaives
and pressure transmitters similar to that shown in Figure 13 for each plenum.

[o046] The actuation state of the pressure and vent control valves 1330, 1310
are controlled by signals provided by the control module 104. The signals may
be electric, fluid, pneumatic or other form of communication. In the
embodiment depicted in Figure 13, a pair of pilot valves 1302 are utilized to
provide pneumatic signals that determines the actuation state (i.e., the opening
and closing} of the valves 1310, 1330. Air to the pilot valves 1302 may be
provided from an instrument air supply 1304. Air from the instrument air supply



1310. It is contenplated that systens with multiple fluidly isolated plenuns
may be respectively controlled through by a single pressure control system
198 having dedicated control circuits of pressure control valves, vent
control valves and pressure transmtters simlar to that showmn in Figure 13

for each plenum_ 100461 The actuation state of the pres
control val ve?of%fgszoil?,lo are control l gd by signals progﬁgﬁﬁgg’s?ge contr ol

nodul e 104. The signals may be electric, fluid, pneunatic or ot her formof
conmuni cati on. t he , emhodi ment de l.cte a| r

val ves 1302 are 04 'F?Qﬁmﬁmdpﬁngvmﬂ'@ @u%fﬁ{g’(‘?’ %’%&g? u??‘Pj? &f'artrpﬁ the
actuation state \(alvee1330h133m)en| ng and cl osing) of the valves 1310, 1330.
Air to the pilot v

1304, A1 Fom 1] nCh BRSRERen GBI b Badlied Rotoe iR liso it uBh00

11 1304 is dry, 6fi iheevesdenrdOnfar mhanitoedg ahe gprésaurg vattiutiee pleriuab[1€5f and

s couplod 1o a PYBbe et e BRe FeBLaMRGGe PR R it BRBRBG, 1320
pressure within thaqumMMpté}Euemttanmmensd sach ps @sassuee rahsmitter coupledta he
control modul e ]tﬂé olr'ttﬁ's'S a?g \%I‘?%o a&ébaéieﬁ&%t e aéer%%?ﬁ%”%rﬁl e;r 1320

transmitters, such'as préssure Canamet oupled to
utilized with i stypiaalydhgd amange frimeatmeh 8de atbpahifbﬁ psigr Tirweenaoyp'iananmyr has a

an0e T eon) b Pat 1 Gl at WreRlton dfiboRPO 3 el A Bh iboatrief. 1B82E1 2 |V

has a resolutlon 0 Si, and in one as a resolution
of better than aflesvlutia@n of hetter @m sbouta®l epsien@oe suitablensanser tiapsmiienis abl e

from Rosemount, o}ﬁame%ﬁﬂﬁaggrﬁ&mqné “héZebgzt%Qﬁér%G’?n c%ﬁni%%ewméaﬁéal The

control nodule 104 1's_coupled to the in Ion system to control the
rates andl or anvidées bhe canten! yrodulentis lameumeqi to/ieduieghor systann16@ ta eomtrel st em

106 into the delthlé%ﬁésldngﬁ:r%un?opéﬁal ASH 48 HelivdrBg QHEﬁrﬁ}{actﬂﬁfygEﬁmlo‘l | s

coupled to the neteri n%ﬁew ces at an anpbunt of cata el 1 vered
to the deliveryl(§ into hiesdstiygprydiventbih. « tr e embadimentdhe Gﬁ@“%‘d]’@% a0t dnt r ol

nmodul e is descri &ﬂfélédﬁotthé h%ierﬁga&éﬁcegaitﬁrﬁo tﬁﬁpérﬁ affoLRN oS8 Al td@ﬁ‘vered to
101304, 670, filed Novenber 26, 2002, which is incorporated r ef erence

hereinin its eheidalivery Hepdds may ch?e"‘é’ﬁﬁ?f&fjn%fnf"etqrﬂ‘é |QP%C§‘%"BW95W'@% 106
optionally incl Uﬁl@&ﬂ@"Eﬁd@écnba@ﬁrﬁUﬁEétﬁSfa&sﬁéieﬁMp&nb%rﬂS&%ldefﬂbBlOQ g7pi tabl e

for resolving the r? rrr\lDo%gEnber 26, 2002, which is incorporated by reference herein in its
entirety,
[0049] In one embodiment, the injection system 106 optionally includes one or
more sensors 124 for providing a metric suitable for resoiving the amount of
catalyst passing through the metering devices 112 during each injection of
catalyst. The sensors 124 may be configured to detect the levels (i.e., volume)
of catalysts in the compartments 103 of the storage vessel 110, the weights of
catalysts in the compariments 103 of the storage vessel 110, the rates of
catalysts movement through the storage vessel 110, discharge ports 116,
metering devices 112 and/or catalyst delivery line 115 or the like.
[00s0] In the embodiment depicted in Figure 1, the sensor 124 is a plurality of
load cells 126 adapted to provide a metric indicative of the weight of catalyst in
the compariments 103 of the storage vessel 110. The load cells 126 are
respectively coupled to a plurality of legs 138 that supports the storage vessel
110 above a surface 120, such as a concrete pad. Each of the legs 136 has
one load cell 126 coupled thereto. The control module 104 receives the

outputs of the load cells 126. From sequential data samples obtained from the



catal yst passing through the nmetering devices 112 during each injection of
catal yst. The sensors 124 may be configured to detect the levels (i.e
volune) of catalysts in the conpartnents 103 of the storage vessel 110, the
wei ghts of catalysts in the conpartnents 103 of the storage vessel 110, the

rates of cat@loy%sﬁ)sfggverrent t hrough the storage vessel ;ﬁgszg&ﬁ)?%% ge ports

116, neterlng evices 112 and/or catal st delivery line
[00501 In the enbodinent depicted in Figure 1, the sensor 124 is a pIurallty

f load cell 2 t t of
catalyot in ¢ noo8smian e Sobls BptiR a0T rin sk IR heCaBou R i cel <
126 are respfact;alt?gby aften lael ac;iua;opllur e tnyer:erﬁng aigsicé 3612. haBy susimprthes ]Eh?h
t ahoye a sur e o e
Tegs 136 has. oMESP4Rl PanesoREfstBhor ffndT v SRS B aerdie g

recei ves the otﬂepelt:laangesttbanlummidumchmpﬁﬂﬁwenﬂ:‘rmewqdﬂgtqrauhIdav:avsam)l es

bt ai ned f t he WO 200 91 P 3 d. g th
contr ol modul e 183 5 PREDI 08 PRSP ERg I e oF R oa e el
each actuati on dipérsednesqrentiallydeay be ddi@rmidyd. us‘iduiylomaﬁy thea}ﬁtlrambtmhaﬁges in

total weight of csatel agherslat0E AURLEM Lithe AO0LAGRLA0 iy ddBSARLREgES L

an i ndi vi dual 'ng on val : was open when
t he wei ght changmu vatiationa i thet arpburd ad matawaurysenaenan eiagh ingliviguah shot may

sequent [ al |y M REyHEhEREA ity kb SRANIen dEnIES o T Bltchho bl Vo!

di spensed over urse o I on c C nonito SO that
variations in th& aoo emample, cha@glwthedosmhmecbﬁthe e‘amﬂoh vadvesi tRéfo saw may

pe compensated Hidfe R %@Leaghe&otdaes ﬁﬁlrétﬁl%ﬁﬁh ah irditepcel ddbe et eri ng

devices 112, for e angi ng control valves 132
to allow nore [08%11] Jbg)om@tmwgf th&b FQ&WQ@E&%H%H@W*@\WHG@[ et erntioCCU

190. [0051] Thew@@ﬁfaﬁd@ﬁe@‘rmh‘é@ E%xéﬁieeﬁé%&goh% bféldét ahieetiot§cheldlie,

control nodul e det er m nes exa oh a pre-set Inj ectl on
schedul e, nanuEBnE@3ctiM@tosm outpyt i C@ﬂnp'ater: Bwgak wp tmémempewm@mf the ze

operation of the Ccmﬁ'inf&%dtl%%aﬁ@éd)ﬁ*r Bé%rx@%e%oﬁﬁﬂ%%éta%ykbéqﬁmm of

catal yst required stem1 unction at optinal ficienc

(e.g., the amoufY “lﬁs!@éﬁ“&ﬂ?étto fynctien kerting! eliciengy (e Nps@RrRt of catains to

within a predef {RRfe@iPRAGH the RYQWN's od‘fﬁ\fts XAIh @ predéMedSrotdivih@g). |
response to a sensed output petric my be utilized to maintain the s stem

em ssions at an é’é@éﬁ'ﬁ‘ﬁiﬂ éatﬁh%?d%ﬁ'm%" deiPepEe o a sensed output metric may b

utilized to maintain the system emissions at an acceptabie level! or to derive a
desired product mix from the feed stock oil.
[0052] Based on the control module’s determination, at least one particular
catalyst suited to address a particular system need (e.g., emissions reduction)
may be dispensed from the multi-catalyst injection system 108 and released
{ into the delivery line 115.  In one embodiment, several catalysts are dispensed
simultaneously from a single injection system 106 and released into the delivery
line 115. Thus, the number of total storage vessels 110 for containing catalysts
may be reduced, and the FCC system 100 may be adapted to operate more
efficiently with minimal system modifications.
{00531 Figure 4 depicts a sectional view of another embodiment of a muiti-
catalyst injection system 400. The multi-catalyst injection system 400 is simitar
to the system 106 depicted in Figures 1 and 2 and comprises a storage vesse!
401, a separator 402 and a plurality of compartments 404, In the embodiment
illustrated, the storage vessel 401 is separated into three compartments 404a,
404b and 404c (hereinafter collectively referred to as “compartments 404") by



desired product mx fromthe feed stock oil. [0052] Based on the control
nodul e' s determ nation, at |east one particular catalyst suited to address
a particular systemneed (e.g., em ssions reduction) nay be dispensed from
the nulti-catalyst injection system 106 and released into the delivery line
115. In one enbodi nent, several catalysts are di spensed sly from
a single inj eX?YEY¥eem 106 and rel eased into the de|l$§haﬂkﬁﬁﬂ§8§

Thus, the nunber of total storage vessel's 110 for containing catalysts may
be reduced, and the FCC system 100 may be adapted to operate nore
efficiently with i eé;smbtos o2 eMherdpdran 0D osmplig3BiecHiapges 4863l eifbbtanda
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separate injection at different volumes, and in systems where greater quantity
of one catalyst is used relative another, but the total volume of catalyst used
make it desirable to share a common injection system. Moreover, one of the
compartments 404 may be kept empty to provide an on-line emergency
injection system ready for loading catalyst for satisfying unplanned changes in
processing requirements, thereby enabling the refiner to quickly take advantage
of market conditions or regulatory issues, such as emissions. ‘

[0054) Figure 5 depicts a sectional view of another embodiment of a multi-
catalyst injection system 500. The multi-catalyst injection system 500 is similar
to the system 400 depicted in Figure 4 and comprises a storage vessel 501, an
adjustable separator 502 and one or more compartments 504. In the
embodiment illustrated, a storage vessel 501 is separated into three
compartments 504a, 504b and 504c (hereinafter collectively referred to as
“compartments 504”) by the adjustable separator' 502. Each of the three
compartments 504 is further associated with discharge port 508a, 508b or 508¢c
(hereinafter collectively referred to as “discharge ports 508") and fill ports {not
shown).
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[oos71 The movable flanges 506 are fixed in orientation by a locking
mechanism 640. In one embodiment, one locking mechanism 640 is coupled to .
each edge 642 of the flanges 506 adjacent the sidewall of the vessel 501. The
locking mechanism 640 is generally adapted to releasably engage the sidewall
of the vessel 501 in a manner that prevents rotation of the flange 506.
Alternatively, the locking mechanism 640 may be disposed in another location
within the vessel 501, and configured to secure the relative position of the
flanges 506. For example, a locking mechanism may be configured to bind the
hinge 510 or be in the form of a brace (not shown) disposed between two or
more of the flanges.
{oos8) Figure 7 depicts one embodiment of the locking mechanism 640 that
may be utilized to fix the orientation of the flanges 502 within the vessel 501. In
the embodiment depicted in Figure 7, the locking mechanism 640 includes a
screw 702 threaded through a block 701 affixed to the flange 506a. The block
501 may be coupled to the flange 506a by welding, screwing, riveting, bonding'
and the like. As the screw 702 is rotated to extend through the block 701, the



engages a hole 612 forned in the bottomof the vessel 501. The brace 610
and hole 612 retain the rod 608 in an orientation that allows the flanges
506, retained by the elenents 602, 604, to freely rotate around the rod
608. [0067) The novable flanges 506 are fixed in orientation by a | ocking
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mounting flange 804. The mounting flange 804 is coupled to the flange 506a in
a position that allows a second edge 806 of the seal 650 to extend beyond the
edge 642 of the flange 506 to engage the walls of the vessel 501. The second
edge 806 of the seal 650 is generally configured to allow the flange 506 to
move relative the vessel 501 while substantially preventing catalyst from
passing bgiween compartments through the gap defined between the edge 642
‘ of the flange 506 and the vessel 501. In the embodiment depicted in Figure 8,
the seal 650 is a brush having its first edge 802 crimped or otherwise fixed in
the mounting flange 804. The mounting flange 804 is riveted or otherwise
secured to the flange 506. Although not shown in Figure 8, it is contemplated
that the seal 650 extends substantially along the entire edge of the flange 506
disposed adjacent the walls and bottom of the vessel 501,
foo61] It is also contemplated that the seal 560 may be disposed between an
" upper edge 652 of the flanges 506 and the top of the vessel 501 in
embodiments where the brace 610 forms the sealing of the vessel. The seal

650 disposed between the upper edge 652 and the bottom 654 of the sealing of



Exanpl es of suitable seals 520 include gaskets and brushes. The seal 650
may be di sposed on one or both sides of the flanges 506. [o00s0) Referring
additionally to the partial sectional view of Figure 8, the seal 650 is
general ly includes a sealing, elenment 810 coupled at a first edge 802 to a
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The pilot regulator valve 1202 is manually set to a predefined pressure. When
the pressure at a sensing port 1208 of the pilot regulator valve 1202, which is in
communication with a plenum 1205 of a vessel 1200, the pilot regulator vaive
1202 opens to provide pressure to an actuator of the control valve 1204. The
controt valve 1204, upon being actuated by the pilot regulator valve 1202,
provides gas from a plant air supply 1210 to increase the pressure of the
plenum 1205. The pressure indicator 1206 is generally coupled in
communication with the sensing port 1208 and plenum 1205 to facilitate
manually setting the pilot regulator valve 1202 such that a predefined pressure
in maintained in the plenum 1205 by the controlled intermittent opening of the
controi valve 1204,

[0065] Although the conventional pressure control system 1205 may be utilized
with any of the injection system embodiments described above, the pressure
control system 198 provides benefits that in many instances, are worth the
additional cost of implementation. For example, as the control module 104,
using real time information from the control system 198, monitors both vessel



provides real tine pressure information to the control nodule 104, the

pressure wthin the vessel 110 may be nore accurately nonitored as conpared
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regul ating the pressure wthin the vessel 110 were open.
without reliance of mechanic systems such as those described in Figure 12,
precise regulation of pressure within the vessel 110 is facilitated. This allows
for more accurate caiculation of vessel weight, and ultimately, move accurate
control of the amount of catalyst injected into the FCC unit 190, thereby
providing more robust process control.
[0067) Figures 9-11 depict the effect of pressure variations on the weight
reading of an addition system having mechanical pressure control system such
as shown in Figure 12 verses an electronic pressure controt system such as
pressure control system 198. Figure 9 depicts a graph S00 illustrating plots
910, 912 of pressure control of addition systems respectively having electronic
and mechanical pressure control. Plot 912 was taken from an injection system
equipped with the system 1200 while plot 910 was taken from an injection
system using the control system 198. The y-axis 902 depicts pressure within
the vessel while the x-axis 904 depicts time. The pressure fluctuations seen on
the plots 910, 912 were taken over a one-hour period. Pressure increases in
both plots are typically due to the pressure controller increasing the pressure

within the vessel. With the pressure control system 198 in use as shown in



Beneficially, the control nodule 104 prevents such occurrences by | ocking
out or suspending pressure regulation by the valves 1310, 1330 of pressure
control system 198 during catalyst fill and di spense operations.

Conversely, injections of catalyst to the FCC unit 190 or recharging of the

vessel 110 wif st may be del ayed during pressur S_.rrﬁg
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the controller. Pressure reductiqn in due to cycling of the
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Eat al yst di schd?‘{?@d FrgHr 10 ep?cts a graph ?oodo Lflustratrng the' relation gP pressure

within a vessel, as shown by piot 1020, and a plot 1030 of the vessel weight.
The graph 1000 has pressure on y-axis 1002, weight on y-axis 1008, and time
on the x-axis 1004. As depicted in Figure 10, the plots 1020, 1030 have been
obtained during a period where no catalyst has been discharged, and as such,
the pilot 1030 should be steady, e.g., horizontal. However, as the pressure plot
1020 exhibits variation due to fluctuation in the reading from the conventional
pressure sensor and control system (e.g., the control system 1250), the
variation in the sensed pressure, and accordingly, the weight of the gas within
the plenum of the vessel is caused to fluctuate. The fluctuation causes the
controller to erroneously calculate the weight of catalyst within the vessel, as
indicated by the fluctuation of the plot 1030. As some types of process control
require catalyst additions to be within one pound accuracy, addition control
using this type of pressure sensor is undesirable.

[0069] Figure 11 depicts a graph 1100 having a plot 1120 of vessel pressure
and a plot 1130 of calculated vessel weight utilizing an electronic pressure
control system 198. The y-axes 1102, 1106, respectively, are pressure and



effect of pressure variations within the vessel may undesirably lead to

m scal cul ati ons of catal yst discharged, particularly when different types of
catal yst having different weights are present in the conpartnents. Thus,
control, accuracy and precision of the pressure reading is inportant for
obtaining ro ss control. Plot 910 is illustrat roved
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by pl ot performance of the FCC unit. Process flexibility, therefore, is greatly enhanced.

[oo74} While foregoing is directed to the preferred embodiment of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof, and the scope thereof is
determined by the claims that follow.



1130. Thus, the use of electronic pressure transmtters and el ectronic
pressure control systens of the type described above advant ageously
facilitate process control in systens where accuracy w thin one pound of
catal yst dispense is required. [0070[ Thus, the present invention
represents a \%%l)is)(-zﬁﬁnt advancement in the field of flyld.catalyiic

cracki ng systens. /9\ Storage vessel for jgrocess catalysts "1s provi cfed t hat

i s capable of dispensing two or nore catal ysts, either separately or

si mul t aneously. Enbodi nents of the invention allow the storage vessel to be
adjusted to contain varying volunes of catalyst according to changing
process needs. GbABMSier, inproved pressure control provides increased
accuracy of catalyst additions which conplinentarily inproves the
performance of the FCC unit. Process flexibility, therefore, is greatly
enhanced. [0071L1 WA muitifoatalysbinjection systermcoawrisiogt he preferred enbodi ment of
the present inventi é@@{gj .of the invention may
be devised without aﬁ%ﬁ%@@ﬁ%’?%%‘#ﬁgmﬁ@s‘?c S oép%é‘?ﬁ'ereof, and the scope
thereof is deterni Redepgratdre dispased inhdbe f vessely. andp defiomgo 5t 0 easSPAMOUS20 0
410 3 83 2 9 W& g L catal yst injection systemconprising: a
vessel suitabl (23‘9) r storsf Wéh]?m%%l?%cki ng catal yst; a separator disposed in
the vessel and defi @i rlerum| dafined vig theonyrsseheands Auidini soupled vt seach

pl enum defined dfpnddmmeresspl and fluidly coupled to each conpartnents; and
a plurality of dispense nmechani sns, a respective one of each di spense
nmechani sns” coupl ed BoPlEFalyictisnanse MaehanisMend respectiy.org of eachdispengem 1,
wherein the sepasaHapisn il thia0B8ssechd EpsHmerithe vessel to an el evation
short of a top of the vessel. 3. The systemof claim2, wherein the
separator is substantially planar. 4. The systemof claim 2, wherein the

separat or conprz ses:-ThkWysem 6P¢gint | aB&sinakt eagarmtbriextirids! fior® dtbidtom 6 oM a
comon joint, the two or nopre flssn e? forng an ?ngle t her ebetween that is
88_0 at the vessel.

| ess than appriBRivReeeiqan slevatiog op of ess
3. The system of claim 2, wherein the separator is substantially planar.
4. The system of claim 2, wherein the separator comprises:

two or more flanges extending radially outward from a common joint, the
two or more flanges forming an angle therebetween that is less than
approximately 180 degrees.

5. The system of claim 4, wherein at least one of the two or more flanges is
rotatable around the common joint.

8. The system of claim 1, wherein the at least two of the compartments
have different volumes,

7. The system of claim 1, wherein the at least two compartments are
substantially equal in volume.



5. The systemof claim4, wherein at |east one of the two or nore flanges is
rotatabl e around the common joint. 6. The systemof claiml1, wherein the at
| east two of the conmpartnents have different volunes. 7. The system of
claim1l, wherein the at |east two conpartnents are substantially equal in
vol ume. WD 2005/ 052091 PCT/ U52004/ 038329 21 8. The system of claim 1,
wherein at [VQ2WSHRAP1of the conpartnments. has an adj ustPAB(US2PHPHHE. 9. The
systemof claim1l further conprising: 24 plurality of catalyst fill ports

di sposed through a top of the vessel, wherein the plenumis positioned
proxi mate the &.il| Thesystemay clapmel, syhereifvableasy energf|the gempafmesisdias dnng:  an

el ectronic pre'i.@*gt ik (A0S tter for determning pressure within the plenum
11. The system %ai mT(?, wherein the electronic pressure transnmtter has

a resolution of at least 1 psi. 12. The systemof claim 10 further
compr i si ng: a gont b LekieRRIAA { ArihdIeciAshyr e transmitter; and a first
f | ected by t

val ve having ar actuation state sel ec ) e controller in response to a
netric of pressureapplutality obcatalyst Ghtnoas| dispased ithiough zhdom of dhe vesselA net hod

for injecting Galahysd Fienhm & phiitibribdCatbastd the Gl @6Hé.Ng uUni t,  conprising:

: i : .
storing catalyst 1n a rirst conpartnent of a vessel; storing catalyst in a
second conpartnent of the vessel; and dispensing- catalyst fromthe first

compartment i i a kbW erASilaih CunRéA@kigAgingni t . 14. The method of claim
13 further conprising: agj usting a volume of at |east one of the.

compartnents. 15. amhelegianin@reseuta Hensmitier fordalerminiRg mressie vithibEesi ng
cat al yst fromfglgﬁirﬁ.econd conpartnment into the fluid catalytic cracking
unit. WD 20051052091 - PCT/ US20041038329

11.  The system of claim 10, wherein the electronic pressure transmitter has
a resolution of at least 1 psi.

12.  The system of claim 10 further comprising:

a controller coupled to the pressure transmitter; and

a first valve having an actuation state selected by the controller in
response to a metric of pressure proved to the controller by the transmitter.

13. A method for injecting catalyst into a fluid catalytic cracking unit,
comprising:

storing catalyst in a first compartment of a vessel;

storing catalyst in a second compartment of the vessel; and

dispensing- catalyst from the first compartment into a fluid catalytic
cracking unit. ’

14.  The method of claim 13 further comprising:
adjusting a volume of at ieast one of the compartments.

15.  The method of claim 13 further comprising:
dispensing catalyst from the second compartment into the fiuid catalytic
cracking unit.



22 16. The method of claim 15, wherein the step of dispensing catalyst from
the first and second conpartnments occurs simultaneously. 17. The nethod of
claim15, wherein the step of dispensing catalyst fromthe first and second
conpartments occurs sequentially. 18. The nmethod of claim 14, wherein the
cat al yst st omasladobrss2ésir st and second conpartnents are ooemscmitbigsdi fferent.
19. The nmethod of claim 15 further conprising: electronically nonitoring
pressure within the vessel; and adjusting the pressure within the vessel in

response to the16DNi §RE Afbthdd FTwiha5, wherel e BRI G diHensing ditalybt b iher

conprising: preventing the step of dispensing catalyst from occurring
si mul t aneousl y fifGt @Rd sReondforRarments surssimuligieodgnod of claim 19. further

conprising: preventing an -addition of catalyst to the vessel from occurring

simul taneously wiith the adj ustin? ste&. ) o .
17.  The method of claim 15, wherein the step of dispensing catalyst from the

first and second compartments occurs sequentially.

18.  The method of claim 14, wherein the catalyst stored the first and second
compartments are chemically different.

19.  The method of claim 15 further comprising:

electronically monitoring pressure within the vessel; and

adjusting the pressure within the vessel in response to the monitored
pressure.

20.  The method of claim 19.further comprising:
preventing the step of dispensing catalyst from occurring simuitaneocusly
with the adjusting step.

21.  The method of claim 19 further comprising:
preventing an addition of catalyst to the vessel from occurring
simultaneously with the adjusting step.



